Several mechanisms have been discovered for the control of the rate of synthesis of intracellular substances, but little is known concerning the regulation of synthesis and excretion of extracellular products. Chondrocytes are highly specialized for the synthesis of the macromolecules of cartilage matrix, chondromucoprotein, and collagen. Nevo et al. (1) 
Several mechanisms have been discovered for the control of the rate of synthesis of intracellular substances, but little is known concerning the regulation of synthesis and excretion of extracellular products. Chondrocytes are highly specialized for the synthesis of the macromolecules of cartilage matrix, chondromucoprotein, and collagen. Nevo et al. (1) have shown the secretion of chondromucoprotein and collagen into the medium when chondrocytes are grown in liquid culture. Since the rate of chondromucoprotein synthesis of such cells is high, short-term experiments could be used to investigate the rate of synthesis. Initial experiments were undertaken to determine whether addition of increasing concentrations of chondromucoprotein to the suspending medium resulted in inhibition of chondromucoprotein synthesis. Somewhat surprisingly, a stimulation was observed. It is the purpose of this communication to detail certain experiments concerned with this effect and its possible mechanism. MATERIALS Cell Growth. Chondrocyte cultures. were established as described by Horwitz and Dorfman (6) and Nevo et al. (1) . For study of the rate of synthesis of chondromucoprotein, 0.2 to 2 X 108 cells, grown in spinner bottles and harvested, were suspended in 5 ml of medium, and metabolic experiments were done without sterile technique by incubation for 2.5 hr in a reciprocating shaker at 370 under 10%0 C02-5% O2-85% N2. Reactions were terminated by boiling for 2 min, followed by papain digestion and mucopolysaccharide isolation.
Rat glial cells were the RGC-6 clone originally obtained from Dr. Gordon Sato (7) .
Assays. The measurement of rate of synthesis of mucopolysaccharides was determined as described (1) . Radioactive proline and hydroxyproline of nondialyzable materials were determined by the method of Lukens (8) . Total Xylosyltransferase and N-acetylgalactosaminyltransferase were assayed as described (9, 10) .
RESULTS
Initial experiments were designed to determine whether the addition of chondromucoprotein to suspensions of chondrocytes affected the rate of synthesis of this compound. Contrary to an expected inhibition, the marked stimulation demonstrated in Table 1 was observed. That the isotope was incorporated into chondroitin sulfate chains was demonstrated by the isolation of products and subjecting them to chondroitinase digestion. Both the A-di-4-SO4 and A-di-6-SO4 were radioactive. The data presented in Table 1 Table 4 indicate that of the compounds tested only puromycin inhibited chondromucoprotein synthesis. Both control and synthesis stimulated by chondromucoprotein were inhibited, as might be anticipated from the previous demonstration that puromycin affects chondromucoprotein synthesis principally by inhibition of core protein formation (11) .
In order to determine whether chondromucoprotein enters cells under the conditions of these experiments, 2 X 106 chondrocytes in 2 ml were incubated for 6 Since there was no evidence for the uptake of chondromucoprotein by the cells, it seemed possible that the stimulation might result from an interaction of chondromucoprotein with the cell surface. Accordingly, we studied the effect of trypsin at various concentrations on chondromucoprotein synthesis.
The results (Table 5) indicate that trypsin at low concentrations decreases the responsiveness of chondrocytes to chondromucoprotein, while at higher concentrations endogenous synthesis is also decreased. When trypsinized cells were incubated for 2.5 hr in the growth medium and then tested for their rates of synthesis of chondromucoprotein, a partial restoration of the synthetic rates was observed (Table   5 ).
In view of some variability of chondromucoprotein stimulation in different suspensions, attempts were made to understand possible factors contributing to this variability. The effect of density of cells in culture on the subsequent rate of synthesis of chondromucoprotein and the responsiveness to chondromucoprotein was studied. For this purpose, a cell suspension obtained from a spinner flask was divided into four portions and incubated for 40 hr in four spinner flasks containing different amounts of medium. No significant change in cell numbers occurred during this time (generation time was in excess of 60 hr). The cells were harvested by centrifugation and suspended at a concentration of 2 X 105 per ml. The results (Table 6) show that both the endogenous (12), and Kojima and Yamagata (13), the presence of chondroitin sulfates at cell surfaces. The fact that polyanions from diverse sources stimulate chondromucoprotein synthesis, makes unlikely the possibility that contaminants are responsible for the observed stimulation. The mechanism of this stimulatory effect is not understood. Although a limited uptake of mucopolysaccharides by other cell types has been reported (14) , no evidence of entrance of chondromucoprotein or chondroitin sulfate into the cells was observed in the experiments related here. The addition of chondromucoprotemi to the cartilage cells does not permanently affect the synthetic machinery, since removal of the chondromucoprotein results in a return to base line levels. These findings are consistent with the observed lack of induction of some of the enzymes concerned with the biosynthesis of chondromucoprotein.
Although the specificity of response has not been adequately -examined, chondromucoprotein does not appear to stimulate total protein synthesis nor collagen synthesis, in contrast to the action of sulfation factor (15) . It is possible that chondromucoprotein interacts with components of the cell membrane with a resultant activation of the preexisting synthetic machinery.
A large number of recent studies have called attention to the existence of receptors at cell surfaces (16) (17) (18) (19) (20) that react with specific substances in a manner resulting in profound alteration of cell metabolism. It is possible that such a mechanism obtains in this case, i.e., chondromucoprotein interacts with surface sites, and such interaction results in activation of the biochemical machinery for chondromucoprotein synthesis. That such receptors are involved is suggested, but not proved, by the experiments with trypsin. The effect of trypsin on chondrocytes resembles the effect of trypsin on receptors of fat cells responding to insulin (21) . The possibility that chondromucoprotein might act by binding directly or indirectly to some inhibitory factor for the synthesis of chondromucoprotein, present either in the medium or in the cytoplasm, could not be ruled out, but seems unlikely. The stimulatory effect could be demonstrated when a simple salt solution was used as the suspending medium or in medium containing double concentrations of all the nutrients.
That the cells sense their extracellular environment is strikingly illustrated by the experiments that show that the endogenous as well as the stimulated rate of synthesis of chondromucoprotein depend upon the density of cells during previous incubation. Communication between cells and their environment has been implied in several other cases (22, 23) . The importance of cell density on growth and survival, as well as on intracellular structures of the cell, has been reported (24, 25) .
Fitton-Jackson (22) found that after treatment of cartilage explants with testicular hyaluronidase, synthesis of hexosamine-containing material is stimulated. These results are consistent with inhibition of synthesis of matrix polysaccharide by a mechanism of feedback inhibition. However, the results obtained in the current study seem to indicate a positive rather than a negative feedback.
It is interesting to note that the in vitro formation of cartilage from limb-bud mesenchyme is dependent on cell density (E. Zwilling, personal communication). Recently, Levitt and Dorfman (26) have shown that previous culture over agar permits differentiation of limb-bud mesenchyme cells to cartilage cells at low density. Strudel has suggested that metachromatic material produced by notochord plays a role in differentiation of somite mesenchyme to vertebral cartilage (27, 28 ).
It appears possible that anionic polysaccharides may affect differentiation as well as synthesis of macromolecules.
